This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 



J) 



Europdlsches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 118 385 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

25.07.2001 Bulletin 2001/30 

(21) Application number 99933202.6 

(22) Date of filing: 30.07.1999 



(51) lntCl7: B01J 35/02, C09D 1/00, 
C09D 5/00, B05D 5/00, 
B05D 7/24 

(86) International application number: 
PCT/JP99/04126 

(87) International publication number: 

WO 00/06300 (10.02.2000 Gazette 2000706) 



(84) Designated Contracting States: 


• SAEKI, Yoshlmltsu 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Kitakyushu-shi, Fukuoka 802-8601 (JP) 


MC NL PT SE 


• TANAKA, Shinji 


Designated Extension States: 


Kitakyushu-shi, Fukuoka 802-8601 (JP) 


AL LT LV MK RO SI 


• NAKASHIMA, Yasushi 




Kitakyushu-shi, Fukuoka 802-8601 (JP) 


(30) Priority: 30.07.1998 JP 23012098 


• MAYUMI, Yoshitaka 


19.10.1998 JP 31684798 


Kitakyushu-shi, Fukuoka 802-8601 (JP) 


22.01.1999 JP 1486899 




10.06.1999 JP 16436499 


(74) Representative: Grunecker, Kinkeldey, 




Stockmair & Schwanhausser Anwattssozletat 


(71) Applicant: TOTO LTD. 


Maximilianstrasse 58 


Kitakyushu-shi, Fukuoka-ken 802-8601 (JP) 


80538 MQnchen (DE) 


(72) Inventors: 




• KOBAYASHI, Hideki 




KItakyushu-shI, Fukuoka 802-8601 (JP) 





(54) METHOD FOR PRODUCING HIGH-PERFORMANCE MATERIAL HAVING PHOTO CATALYTIC 
FUNCTION AND DEVICE THEREFOR 



(57) Disclosed is a method and an apparatus are 
provided which can efficiently produce a functional ma- 
terial having a satisfactory level of photocatafytic activ- 
ity. A photocatatyst coating composition comprising a 
photocatalytic metal oxide and/or a precursor of the pho- 
tocatalytic metal oxide is coated on the surface of a sub- 
strate. The surface of the coated substrate is rapidly 



heated to fix the photocatalytic metal oxide onto the sur- 
face of the substrate. This rapid heating can realize the 
production of afunctional material having a satisfactory 
level of photocatalytic activity in an efficient manner. The 
apparatus, which can continuously carry out the rapid 
heating immediately after the production of the sub- 
strate, can produce the functional material having pho- 
tocatalytic activity in an efficient manner. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a process and 
an apparatus for producing a functional material having 
various types of excellent photocata lytic activity, such 
as antimicrobial (bactericidal) activity, deodorant activi- 
ty, and antifouling activity, useful for waste water treat- 
ment, purification of harmful gases and the like. 

Background Art 

[0002] In recent years, environmental pollution, for 
example, water pollution created by domestic waste wa- 
ter, industrial waste water or the like, offensive odor, or 
contamination with bacteria, typified by MRSA, or mold 
in living spaces and working spaces has been increased 
and has become a social problem. 
[0003] Photocatalysts have drawn attention as mate- 
rials that, upon light irradiation, cause adsorption of ox- 
ygen molecules on bacteria, mold, and organic com- 
pounds, such as offensive odor components, or desorp- 
tion of oxygen molecules therefrom and accelerate the 
decomposition (oxidation) of the organic compounds. A 
number of attempts have been made to fix a photocat- 
alyst on the surface of a substrate to clean the surface 
of the substrate. 

[0004] PCT/WO 96/29375 discloses that the surface 
of a photocatalyst-containing layer provided on the sur- 
face of a substrate exhibits high hydrophilicity (for ex- 
ample, a contact angle thereof with water of not more 
than 1 0 degrees) in response to photoexcitation of the 
photocatalyst. This property can be utilized to improve 
antifogging properties and ensuring of visibility of trans- 
parent members, such as glasses, lenses, and mirrors, 
to improve water cleanability and rainfall cleanability of 
the surface of articles and to improve other properties. 
[0005] Functional materials utilizing the function of the 
photocatalyst have hitherto been produced by providing 
a coating liquid containing a photocataiytic metal oxide 
or a precursor of the photocataiytic metal oxide, coating 
the coating liquid, and drying or sintering the coating. 
For example, a titan i a sol prepared from a titanium 
alkoxide and an alcoholamine or a sol prepared by dis- 
persing particles of Ti0 2 , ZnO, SrTi0 3 or the like in an 
aqueous solvent has been coated onto the surface of a 
substrate followed by drying or sintering. More specifi- 
cally, as disclosed in Japanese Patent No. 251 7874, the 
production process of functional materials comprises: 
coating a titania sol onto a substrate; heating the coated 
substrate in such a manner that the temperature is grad- 
ually raised from room temperature to a final tempera- 
ture of 600 to 700°C to perform firing, thereby fixing the 
photocatalyst onto the substrate. 



SUMMARY OF THE INVENTION 

[0006] The present inventors have now found that 
functional materials having satisfactory photocataiytic 
5 activity can be efficiently produced by rapid heating. 
They have further found that rapid heating immediately 
after, that is, successively from, the production of the 
substrate can realize the production of functional mate- 
rials having photocataiytic activity in more efficient man- 
to ner. The present invention has been made based on 
such finding. 

[0007] Accordingly, it is an object of the present inven- 
tion to provide a process and an apparatus for producing 
a functional material having a satisfactory level of pho- 
15 tocatalytic activity. 

[0008] According to one aspect of the present inven- 
tion, there is provided a process for producing a func- 
tional material having photocataiytic activity, comprising 
the steps of: coating a photocatalyst coating composi- 
te tion comprising a photocataiytic metal oxide and/or a 
precursor of the photocataiytic metal oxide onto the sur- 
face of a substrate; and 

rapidly heating the surface of the coated substrate 
to fix the photocataiytic metal oxide onto the surface of 
25 the substrate. 

[0009] According to another aspect of the present in- 
vention, there is provided an apparatus for producing a 
functional material having photocataiytic activity, said 
apparatus comprising at least 

30 

coating means for coating a photocatalyst coating 
composition comprising a photocataiytic metal ox- 
ide and/or a precursor of the photocataiytic metal 
oxide onto the surface of a substrate and 
35 heating means for rapidly heating the surface of the 
coated substrate to fix the photocataiytic metal ox- 
ide onto the surface of the substrate. 

[001 0] According to the process and apparatus of the 
40 present invention, a photocataiytic metal oxide can be 
surely fixed in a short time on the surface of a substrate, 
and, in addition, a functional material can be obtained 
which has high surface smoothness, possesses high 
photocataiytic activity, and high abrasion resistance and 
45 chemical resistance. Furthermore, the process and ap- 
paratus of the present invention can reduce the size of 
the production apparatus used and can realize simplifi- 
cation of the production process and space saving. Fur- 
thermore, shortening of the time taken for heating can 
50 advantageously contribute to a reduction in cost and a 
reduction in the amount of the exhaust gas emitted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 [001 1] Figs. 1 (a) and (b) are diagrams illustrating an 
embodiment of the process for producing a functional 
material having photocataiytic activity according to the 
present invention, wherein a layer 2a of a photocatalyst 



2 



EP1 118 385 A1 



coating composition coated onto a substrate 1 is rapidly 
heated to form a thin layer 2b for imparting photocata- 
lytic activity to the substrate 1 ; 
[0012] Figs. 2 (a) and (b) are diagrams illustrating an- 
other embodiment of the process for producing a func- 
tional material having photocatafytic activity according 
to the present invention, wherein, upon rapid heating of 
a layer 2a of a photocatalyst coating composition and a 
layer 4a of a binder and a solvent coated on a substrate 
1 , the layer 2a is converted to a thin layer 2b for impart- 
ing photocatalytic activity to the substrate 1 while the 
layer 4a is converted to a layer 4b which has non- 
crosslinked oxygen and contributes to the development 
of hydrophilicity; 

[0013] Fig. 3 is a diagram illustrating an embodiment 
of the apparatus for producing a functional material ac- 
cording to the present invention, which comprises: an 
apparatus for producing earthenware as a substrate, 
comprising a forming device 5, a glazing device 6, and 
a firing device 7; the apparatus of the present invention 
provided continuously from the apparatus for producing 
the substrate, the apparatus of the present invention 
comprising a coating device 8 for coating a photocata- 
lyst coating composition, a rapid heating device 9, and 
a cooling device 10; and a carrying device 16 provided 
so that the substrate can be continuously earned 
through within each of the devices and through between 
the devices; 

[0014] Fig. 4 is a schematic diagram showing the 
structure of the rapid heating device 9 shown in Fig. 3, 
wherein the rapid heating device 9 comprises a heating 
element 21, a heat-resistant material 22 which covers 
the heating element 21 and forms a heating space, car- 
rying means 1 6 for holding the substrate 23, to be heat- 
ed, within the heating space and carrying the substrate 
in a direction indicated by an arrow A in the drawing, a 
carry-in port 24 for carrying the substrate in the heating 
space, and a carry-out port 25 for carrying out the sub- 
strate from the heating space; and 
[0015] Fig. 5 is a diagram showing another embodi- 
ment of the apparatus according to the present inven- 
tion, having the same construction as the apparatus 
shown in Fig. 3 except that a preheater 11 for preheating 
the surface of the substrate before coating a photocat- 
alyst coating composition and a drier 12 for drying the 
substrate coated with the coating composition are addi- 
tionally provided. 

PREFERRED EMBODIMENTS OF THE INVENTION 
Process for producing functional material 
(a) Substrate 

[0016] The present invention relates to a process for 
producing a functional material having photocatalytic 
activity. By virtue of photocatalytic activity, various func- 
tions are imparted to substrates, and examples of such 



functions include hydrophilicity, antimicrobial activity, 
antifouiing properties, antiafgae properties, antifogging 
properties, conversion of NOx, and antistatic properties. 
Therefore, the "functional material" produced by the 

5 process according to the present invention refers to a 
material which, as a result that photocatalytic activity 
has been imparted, has come to possess at least one 
function among the above various functions. Substrates 
to which the production process of the present invention 

10 is applicable include metals, inorganic materials, organ- 
ic materials, and composite of these materials. Specific 
examples thereof include interior materials, exterior ma- 
terials, tiles, sanitary wares, tablewares, calcium silicate 
board, cement extruded boards and other building ma- 
terials, ceramic boards, semiconductors and other new 
ceramics, insulators, glasses, mirrors, woods, and res- 
ins. 



20 



(b) Photocatalyst coating composition 



[0017] According to the production process of the 
present invention, a photocatalyst coating composition 
to be coated onto the substrate is first provided. The 
photocatalyst coating composition comprises a photo- 
ns catalytic metal oxide and/or a precu rsor of the photocat- 
alytic metal oxide. 

[0018] The term "photocatalytic metal oxide" used 
herein refers to a material which, upon exposure to light 
(excitation light) having higher energy (i.e., shorter 

30 wavelength) than the energy gap between the conduc- 
tion band and the valence band of the crystal, can cause 
excitation (photoexcitation) of electrons in the valence 
band to produce conduction electrons and holes. The 
photocatalytic metal oxide decomposes an organic 

35 compound through a redox reaction, or come to have a 
very high level of hydrophilicity as a result of adsorption 
of water molecules in atmosphere. According to a pre- 
ferred embodiment of the present invention, the photo- 
catalytic metal oxide is selected from the group consist- 

40 mg of 710 2 , ZnO, Sn0 2 , SrTi0 2 , W0 3 , Bi^, Fe^, 
and V 2 O s . 

[001 9] According to the present invention, the photo- 
catalyst coating composition may contain a precursor of 
the photocatalytic metal oxide. The term "precursor of 

45 the photocatalytic metal oxide" refers to a compound 
which can be converted to the photocatalytic metal ox- 
ide upon rapid heating described below. According to a 
preferred embodiment of the present invention, precur- 
sors of the photocatalytic metal oxide usable herein in- 

so elude compounds which contain at least one metal se- 
lected from the group consisting of titanium, zinc, tin, 
strontium, tungsten, bismuth, iron, and vanadium and, 
upon rapid heating described below, can be converted 
respectively to the corresponding photocatarytic metal 

55 oxides. 

[0020] According to a preferred embodiment of the 
present invention, the photocatalyst coating composi- 
tion further comprises a binder. The addition of the bind- 
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er is advantageous in that the photocatatytic metal oxide 
can be more strongly fixed onto the surface of the sub- 
strate. A specific example of preferred binders usable 
herein is, as described below, a mixture of at least one 
member, selected from the group consisting of, inorgan- 
ic oxide particles, silicone resin film precursors capable 
of forming silicone resin films, and silica film precursors 
capable of forming silica films, with a solvent. Another 
examples of preferred binders include alkali silicates 
represented by formula Me 2 0.nSi0 2 wherein Me repre- 
sents an alkali metal, for example, water glass, potas- 
sium silicate, lithium silicate, sodium silicate, and silica. 
Further, mixtures of the above binders with silicon, alu- 
minum, potassium, lithium, sodium, cesium, calcium, 
magnesium, titanium, phosphorus, boron, zirconium, 
lanthanides, such as cerium, or compounds of the 
above elements. Compounds of silicon, aluminum, po- 
tassium, lithium, sodium, cesium, calcium, magnesium, 
titanium, phosphorus, boron, zirconium, and cerium re- 
fer to compounds represented by formula MO, MOH, 
MX, or MOR wherein M represents the above element, 
X represents a halogen atom, and R represents an alkyl 
group. Specific examples of the these compounds in- 
clude Si0 2 , Si0 3 , Si(OH), AI(OH) 3 , TiCI 4 , and Ti 
(OC 3 H 7 ) 4 . Utilization of these mixtures as the binder can 
provide functional materials having good photocatatytic 
activity. More specifically, functional materials can be 
provided which have a high level of retention of hy- 
drophilicity in dark places, and permit oil stains to be 
easily removed by water. Further, functional materials 
having negative surface charges can be obtained. Fur- 
thermore, functional materials having a short half value 
period (preferably not more than 10 sec) of surface 
charges can be provided. Furthermore, by virtue of high 
surface strength (according to a preferred embodiment 
of the present invention, a hardness of not less than 2H 
in terms of pencil hardness), functional materials pos- 
sessing excellent chemical and physical resistance can 
also be provided. 

[0021] A precursor of the alkali silicate may be used 
in combination with or instead of the alkali silicate. Pre- 
cursors of the alkali silicate include hydroxides of lithi- 
um, potassium, sodium, and silicon. 
[0022] According to a preferred embodiment of the 
present invention, the concentration of the photocatalyt- 
ic metal oxide and/or the precursor of the photocatatytic 
metal oxide in the photocatalyst coating composition is 
preferably 0.001 to35% by weight on a solid basis, more 
preferably 0.1 to 10% by weight. When the concentra- 
tion is in the above range, a photocatatytic surface hav- 
ing good properties and good strength can be provided. 
Further, in this case, it is possible to provide functional 
materials the surface of which is even and smooth and 
has good gloss. 

[0023] Further, the photocatalyst coating composition 
can produce a large amount of non-crosslinked oxygen 
on the surface of the functional material which will be 
described later. The term "non-crosslinked oxygen" 



used herein refers to the following oxygen. In a large 
part of the binder component, M-OH, wherein M repre- 
sents a metal element with specific examples thereof 
including silicon, titanium, aluminum, zirconium, tin, tan- 

5 talum, and bismuth, is crosslinked upon rapid heating to 
form M-O-M bonds. This results in an increase in mo- 
lecular weight, and the binder, together with the photo- 
catalytic meal oxide, is fixed onto the surface of the sub- 
strate. In this case, a part of the M-OH is incorporated 

10 into the resultant polymer molecules and is present with- 
out forming the M-O-M bond. This part of the M-OH is 
ionically bonded to ion species (for example, sodium) 
present in the photocatalyst coating composition to give 
M-0"X + (wherein X represents a cation, such as sodium 

15 ion) which can be reversibly converted to M-OH. Fur- 
ther, the present inventors have found that, under rapid 
heating conditions described below, the M-O-M bond, 
upon contact with water molecules in the air, is dissoci- 
ated into M-OH bond. In the present invention, M-OH 

20 and M-0"X + refer to non-crosslinked oxygen. The non- 
crosslinked oxygen has high affinity for water molecules 
and even functions to incorporate water molecules in the 
air into the substrate in its surface. Further, upon contact 
of the surface of the substrate with water, the non- 
25 crosslinked oxygen is likely to be bonded preferentially 
to water molecules rather to molecules which are 
present on the surface of the substrate before water Is 
deposited thereon. This results in the replacement of 
molecules, which are present on the surface of the sub- 

30 strate before water is deposited thereon, with water mol- 
ecules. Consequently, the molecules, which are present 
on the surface of the substrate before water is deposited 
thereon, are removed from the surface of the substrate. 
Thus, the presence of the non-crosslinked oxygen on 

35 the surface of the substrate contributes to the develop- 
ment of a very high level of hydrophilicity on the surface 
of the substrate through cooperation with the hy- 
drophilicity created by the photocatatytic metal oxide. 
This very high level of hydrophilicity offers an advantage 

40 that not only hydrophilic stains or soils but also lipophilic 
stains or soils can be easily washed away with water. 
[0024] According to a preferred embodiment of the 
present invention, the photocatalyst coating composi- 
tion contains the binder in an amount of 0.001 to 100 

45 parts by weight, more preferably 0.1 to 5 parts by weight, 
based on 1 part by weight of the photocatatytic metal 
oxide and the precursor of the photocatatytic metal ox- 
ide. When the amount of the binder and the amount of 
the photocatalytic metal oxide satisfy the above relation- 

50 ship, the temperature necessary for the rapid heating is 
not very high. Further, functional materials having good 
properties can be provided. 

[0025] According to a preferred embodiment of the 
present invention, the photocatalyst coating composi- 
55 tion may further comprise a metal and/or a metal oxide, 
for example, at least one member selected from the 
group consisting of copper, silver, nickel, iron, zinc, plat- 
inum, gold, rhodium, vanadium, chromium, cobalt, man- 
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ganese, tungsten, niobium, antimony, platinum group 
metals, and oxides of the above metals. A preferred ex- 
ample of the metal and the metal oxide is at least one 
member selected from the group consisting of particles 
of copper, silver, platinum, cobalt, iron, nickel, Cu 2 0, 5 
AggO, gold, zinc, chromium, manganese, and molybde- 
num. The addition of the metal or the metal oxide to the 
photocatalyst coating composition results in the forma- 
tion of a film which can kill bacteria and mold deposited 
on the surface thereof even in a dark place. Further, the io 
addition of platinum metals, such as platinum, palladi- 
um, ruthenium, rhodium, iridium, and osmium, or oxides 
thereof is preferred because they can enhance redox 
activity of the photocatalyst and consequently can im- 
prove the decomposition of organic stains or soils and is 
the decomposition of harmful gases or offensive odors. 
Another preferred example of the metal oxide Is at least 
one member selected from the group consisting of ox- 
ides of silicon, aluminum, potassium, lithium, sodium, 
cesium, rubidium, and francium. The addition of these 20 
metal oxides can yield a film having improved hy- 
drophiiicity. In this case, the metal oxide may be added 
as having also functions of the binder. 
[0026] According to a preferred embodiment of the 
present invention, the metal and the metal oxide are 25 
supported on the surface of the photocatalytic metal ox- 
ide. The metal and the metal oxide may be supported 
on the surface of the photocatalytic metal oxide, for ex- 
ample, by a method which comprises adding a metal 
salt, such as silver nitrate or copper acetate, to a sol of 30 
photocatalyst particles and irradiating the mixture with 
ultraviolet light or the like to previously photoreductively 
fix the metal onto the surface of the photocatalyst parti- 
cles, a method which comprises fixing photocatalyst 
particles onto the surface of the substrate, coating a 35 
metal salt, such as silver nitrate or copper acetate, and 
irradiating the coating with ultraviolet light or the like, 
thereby supporting the metal onto the surface of the 
photocatalyst metal in a laterstage, or a method wherein 
the photocatalyst is doped with the metal. *o 
[0027] According to a preferred embodiment of the 
present invention, the photocatalyst coating composi- 
tion further comprises a surfactant. The addition of the 
surfactant permits the photocatalyst coating composi- 
tion to be evenly coated onto the surface of the sub- 
strate. 

[0028] According to the most preferred embodiment 
of the present invention, the photocatalyst coating com- 
position basically comprises: 



[0029] The average crystallite diameter of the photo- 
catalytic metal oxide is preferably not more than 1 00 nm. 
The upper limit of the average crystallite diameter is 
preferably about 20 nm, more preferably about 10 nm. 
The lower limit of the average crystallite diameter is pref- 
erably about 1 nm, more preferably about 3 nm. An av- 
erage crystallite diameter of the photocatalytic partides 
in the above range enables the hydrophilification to be 
satisfactorily exhibited and, at the same time, makes it 
possible to prevent loss of transparency, of a surface 
with the composition applied thereto, derived from scat- 
tering of visible light caused by the particles. 
[0030] Examples of inorganic oxide particles usable 
in the composition according to the present invention in- 
clude: single oxides, such as silica, alumina, zirconia, 
ceria, yttria, boronia, magnesia, calcia, ferrite, amor- 
phous titan ia, and hafnia; and composite oxides, such 
as barium titanate, calcium silicate, water glass, alumi- 
nosilicate, and calcium phosphate. 
[0031] According to a preferred embodiment of the 
present invention, the inorganic oxide is preferably in 
the form of either an aqueous colloid using water as a 
dispersing medium or an organosol prepared by dis- 
persing the inorganic oxide in a colloidal form in a hy- 
drophillc solvent, such as ethyl alcohol, isopropyl alco- 
hol, or ethylene glycol. In particular, use of colloidal silica 
is preferred. 

[0032] The diameter of the inorganic oxide particle is 
not particularly limited. However, a particle diameter of 
about 5 to 50 nm in the form of an aqueous colloid or an 
organosol is preferred from the viewpoint of the gloss, 
turbidity, haze, transparency and the like of the final pho- 
tocatalytically hydrophilifiable coating. 
[0033] A preferred example of the silicone coating 
precursor, capable of forming a silicone coating, which 
may be used in the composition of the present invention 
is a siloxane represented by the average composition 
formula: 

RpSiXqO^p.qyg 

wherein R represents a member selected from the 
group consisting of a hydrogen atom and one or more 
organic groups; 

X represents an alkoxy group or a halogen atom; 
and 

p is a number satisfying 0 < p < 2 and q is a number 
satisfying 0 < q < 4. 

[0034] Another preferred example of the silicone coat- 
ing precursor, capable of forming a silicone coating, 
which may be used in the composition of the present 
invention is a hydrotyzable silane derivative represented 
by the general formula: 



50 

(1) a photocatalytic metal oxide; 

(2) at least one member selected from the group 
consisting of inorganic oxide particles, silicone resin 
film precursors capable of forming silicone resin 
films, and silica film precursors capable of forming & 
silica films; and 

(3) a solvent. 
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wherein R is as defined above; 

X represents an alkoxy group or a halogen atom; 
and 

p is 1 or 2. 

[0035] In this case, the organic group represented by 
R refers to preferably an alky I (more preferably an un- 
substituted alkyl having 1 to 1 8 carbon atoms, most pref- 
erably an alkyl having 3 to 18 carbon atoms) or an aryl 
(preferably phenyl). 

[0036] Specific examples of preferred hydrolyzable 
silane derivatives include methyltrimethoxysilane, 
methyltriethoxysilane, methyitripropoxysilane, methyl- 
tributoxysilane, ethyltrimethoxysilane, ethyftriethoxysi- 
lane, ethyltripropoxysilane, ethyltributoxysilane, phe- 
nyltrimethoxysilan, phenyltriethoxysilane, phenyltripro- 
poxysilane, phenyltributoxysilane, dimethyldimethox- 
ysilane, dimethyidiethoxysilane, dimethyldipropoxysi- 
lane, di methyl dibutoxysil an e, diethyldimethoxysilane, 
diethyldtethoxysilane, diethyldipropoxysilane, diethyld- 
ibutoxysilane, phenylmethyldimethoxysilane, phenyl- 
methyldiethoxysilane, phenylmethyldipropoxysilane, 
phenyimethyldibutoxysilane, n-propyltrimethoxysilane, 
n-propyltriethoxysilane, n-propyltripropoxysilane, n- 
propyltributoxysilane, T^glycosidoxypropyftrimethoxysi- 
lane, and y-acryloxypropyltrimethoxysilane. 
[0037] The siloxane may be prepared by partial hy- 
drolysis and dehydropolycondensation of the hydrolyz- 
able silane derivative, or by dehydropolycondensation 
of a partial hydro lyzate of the hydrolyzable silane deriv- 
ative with a partial hydrolyzate of tetramethoxysilane, 
tetraethoxysilane, tetrapropoxysilane, tetrabutoxysi- 
lane, diethoxydimethoxysilane or the like. 
[0038] The silicone resin prepared by partial hydroly- 
sis or dehydropolycondensation of the above precursor 
according to the following method is represented by the 
following average composition formula: 

Rp slc W 

wherein R is as defined above; 

X is an alkoxy group or a halogen atom; and 
p is a number satisfying 0 < p < 2. 

[0039] The content of the precursor in the composition 
according to the present invention may be suitably de- 
termined. For example, in terms of the silica content 
based on one part by weight of the photocatalytic parti- 
cle, the upper limit of the precursor content is preferably 
10 parts by weight, more preferably 5 parts by weight, 
most preferably 1 part by weight, and the lower limit of 
the precursor content is preferably 0.05 part by weight, 



more preferably 0.1 part by weight, and most preferably 
0.2 part by weight 

[0040] The solvent contained in the composition ac- 
cording to the present invention is not limited so far as 

s it can stably disperse the photocatalytic particles and 
the precursor and a hydrophilified surface is finally pro- 
vided. Examples of solvents usable herein include wa- 
ter, an organic solvent, and a mixed solvent composed 
of water and an organic solvent. Water, an alcohol, or a 

10 mixed solvent composed of water and an alcohol is par- 
ticularly preferred. 

[0041] According to a preferred embodiment of the 
present invention, use of an alcohol, which has a mo- 
lecular weight of 60 to 300, preferably 60 to 100, and is 
is liquid at room temperature, is preferred. 

[0042] Specific examples of preferred alcohols usable 
herein include methanol, ethanol, n-propanol, isopropa- 
nol, t-butanol, isobutanol, n-butanol, 2-methylpropanol, 
pentanol, ethylene glycol, monoacetone alcohol, diace- 
20 tone alcohol, ethylene glycol monomethyl ether, 4-hy- 
droxy-4-methyl-2-pentanone, dipropylene glycol, pro- 
pylene glycol, trlpropylene glycol, l-ethoxy-2-propanol, 
1-butoxy-2-propanol, 1-propoxy-2-propanol, propylene 
glycol monomethyl ether, dipropylene glycol monome- 
rs thyl ether, dipropylene glycol monoethyl ether, tripropyl- 
ene glycol monomethyl ether, and 2-butoxyethanol. 
[0043] A preferred example of the silica coating pre- 
cursor is a silicate represented by the average compo- 
sition formula: 

30 

wherein X represents an alkoxy group or a halogen atom 
35 and q is a number satisfying 0 < q < 4. 

[0044] Another preferred example of the silica coating 
precursor is a tetrafunctional hydrolyzable silane deriv- 
ative represented by the general formula: 



wherein R is as defined above; and 

X represents an alkoxy group or a halogen atom. 

45 [0045] Specific examples of preferred tetrafunctional 
hydrolyzable silane derivatives usable herein include te- 
tramethoxysilane, tetraethoxysilane, tetrapropoxysi- 
lane, tetrabutoxysilane, and diethoxydimethoxysilane. 
[0046] Specific examples of preferred silicates usable 

so herein include partial hydrolyzates and dehydropoly- 
condensation products of the tetrafunctional hydrolyza- 
ble silane derivatives. 

[0047] Water, an alcohol and the like may be used as 
the solvent for the composition. Particularly preferred 
55 are liquid alcohols having a molecular weight of 60 to 
300. Since the evaporation rate of these alcohols is suit- 
ably slow, at the time of coating of the composition, a 
variation in disperstblity of the composition due to the 
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evaporation of the solvent can be inhibited, making it 
possible to form a transparent, even coating. 
[0048] Examples of suitable liquid alcohols having a 
molecular weight of 60 to 300 usable herein include n- 
propanol, isopropanol, t-butanol, isobutanol, n-butanol, 
2-methylpropanol, pentanol, ethylene glycol, monoace- 
tone alcohol, diacetone alcohol, ethylene glycol mono- 
methyl ether, 4-hydroxy-4-methyl-2-pentanone, dipro- 
pylene glycol, propylene glycol, tripropylene glycol, 

1- ethoxy-2-propanol, 1 -butoxy-2-propanol, 1-propoxy- 

2- propanol, propylene glycol monomethyl ether, dipro- 
pylene glycol monomethyl ether, dipropylene glycol mo- 
noethyl ether, and tripropylene glycol monomethyl ether 
[0049] The composition may comprise, in addition to 
the above components, a surfactant, a polymerization 
curing catalyst, a hydrolysis catalyst, a levelling agent, 
an antimicrobial metal, a pH adjustor, a perfume, a pre- 
servative and the like. 

[0050] Polymerization catalysts usable herein include 
aluminum compounds, such as aluminum chelate, alu- 
minum acetyl acetonate, aluminum perchlorate, alumi- 
num chloride, aluminum isobutoxide, and aluminum iso- 
propoxide; titanium compounds, such as tetraisopropyi 
titanate and tetrabutoxy titanate; basic compounds, 
such as sodium hydroxide, lithium hydroxide, potassium 
hydroxide, sodium methylate, sodium acetate, sodium 
formate, potassium acetate, potassium formate, potas- 
sium propionate, and tetramethyl ammonium hydroxide; 
amine compounds, such as n-hexylamine, trib- 
utylamine, diazabicycloundecene, ethylenediamine, 
hexanediamine, diethylenetriamine, tetraethyl- 
enepentamine, triethylenetetramine, ethanolamines, y- 
aminopropyltrimethoxysilane, y-aminopropylrnethyld- 
imethoxysilane, y -(2-aminomethyl)-aminopropyltri- 
methoxysilane, and y -(2-aminomethyl)-aminopropyl- 
methyldimethoxysilane; tin compounds, such as tin 
acetyl acetonate, and dibutyltin octylate; metal-contain- 
ing compounds, such as cobalt octylate, cobalt acetyl 
acetonate, and iron acetyl acetonate; and acidic com- 
pounds, such as phosphoric acid, nitric acid, phthalic ac- 
id, p-toluenesulfonic acid, and trichloroacetic acid. 
[0051 ] Suitable hydrolysis catalysts usable herein in- 
clude nitric acid, hydrochloric acid, acetic acid, sulfuric 
acid, sulfonic acid, maleic acid, propionic acid, adipic 
acid, fumaric acid, phthalic acid, valeric acid, lactic acid, 
butyric acid, citric acid, malic acid, picric acid, formic ac- 
id, carbonic acid, and phenol, the above catalysts hav- 
ing a pH of 2 to 5. 

[0052] Leveling agents usable herein include diace- 
tone alcohol, ethylene glycol monomethyl ether, 4-hy- 
droxy-4-methyl-2-pentanone, dipropylene glycol, tripro- 
pylene glycol, 1-ethoxy-2-propanol, 1 -butoxy-2-propa- 
nol, propylene glycol monomethyl ether, 1-propoxy- 
2-propanol, dipropylene glycol monomethyl ether, dipro- 
pylene glycol monoethyl ether, and tripropylene glycol 
monoethyl ether. 



(c) Coating of photocatalyst coating composition onto 
substrate 

[0053] According to the process of the present inven- 
5 tion, the photocatalyst coating composition is coated on- 
to a substrate. Examples of suitable coating methods 
include spray coating, dip coating, flow coating, spin 
coating, roil coating, brush coating, and sponge coating. 
According to a preferred embodiment of the present in- 
fo vention, the photocatalyst coating composition is coated 
onto the substrate by spray coating. 
[0054] According to a preferred embodiment of the 
present invention, the surface of the substrate is pre- 
heated before coating of the photocatalyst coating com- 
15 position. The preheating of the substrate may be carried 
out by heating the surface of the substrate to 20 to 
400°C. The preheating of the substrate is advantageous 
in that, upon coating of the photocatalyst coating com- 
position onto the surface of the preheated substrate, the 
20 photocatalyst coating composition evenly spreads and 
yields an even coating. 

[0055] According to a preferred embodiment of the 
present invention, the surface of the substrate coated 
with the photocatalyst coating composition may be dried 

25 before rapid heating. Rapid heating, which will be de- 
scribed later, applies a large heat value to the substrate. 
Presence of excess water or solvent component on the 
substrate leads to a fear of the smoothness of the sur- 
face of the substrate being tost as a result of rapid evap- 

30 oration of water or the solvent component and the like 
due to a rapid temperature change. Therefore, in some 
cases, preferably, excess water or solvent component 
is previously removed by drying. The drying may be car- 
ried out by air blasting or heating. 

35 [0056] Fig. 1 (a) is a schematic diagram showing an 
assembly comprising a layer 2a of a photocatalyst coat- 
ing composition coated onto a substrate 1 . Upon rapid 
heating described below, the photocatalyst coating 
composition layer 2a is brought to a thin layer 2b which 

<o functions to impart photocatalytic activity to the sub- 
strate 1 . Thus, a functional material 3 having photocat- 
alytic activity is obtained (Fig. 1 (b)). 
[0057] According to a preferred embodiment of the 
present invention, the photocatalyst coating composi- 

45 tion may be coated onto the surface of the substrate so 
as to form a stacked or multi-layered coating. Specifi- 
cally, an identical photocatalyst coating composition 
may be coated on the surface of the substrate a plurality 
of times. Alternatively, a plurality of different photocata- 

50 tyst coating compositions may be provided followed by 
successive coating of the plurality of different photocat- 
alyst coating compositions onto the surface of the sub- 
strate. When an identical photocatalyst coating compo- 
sition is coated a plurality of time, the "coating to form a 

55 stacked or multi-layered coating" refers to the so-called 
"multi-coating" or "recoating." In this case, an even coat- 
ing can be realized. 

[0058] According to another preferred embodiment of 
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the present invention, a composition composed of a 
binder and a solvent and substantially free from the pho- 
tocatalytic metal oxide and the precursor of the photo- 
catalytic metal oxide is first coated followed by coating 
of a photocatalyst coating composition comprising the 
photocatalytic metal oxide and/or the precursor of the 
photocatafytic metal oxide or a photocatalyst coating 
composition comprising the photocatalytic metal oxide 
and/or the precursor of the photocatalytic metal oxide 
and the binder. When satisfactory development of non- 
crosslinked oxygen is contemplated, preferably, a pho- 
tocatalyst coating composition is first coated followed by 
coating of a composition composed of a binder and a 
solvent to form a stacked or multi-layer coating struc- 
ture. Fig. 2 is a schematic diagram showing a functional 
material according to this embodiment. A layer 2a of a 
photocatalyst coating composition is coated onto a sub- 
strate 1 , and a layer 4a composed of a binder and a sol- 
vent is coated on the layer 2a (Fig. 2 (a)). Upon rapid 
coating, the photocatalyst coating composition layer 2a 
is brought to a thin layer 2b which imparts photocatalytic 
activity to the substrate 1 , while the layer 4a is brought 
to a layer 4b which has non-crosslinked oxygen and 
contributes to the development of hydrophilic nature. 
Thus, a functional material 3 having photocatalytic ac- 
tivity is obtained (Fig. 2 (b)). 

(d) Rapid heating 

[0059] The surface of the substrate coated with the 
photocatalyst coating composition is then subjected to 
rapid heating. As used herein, the term "rapid heating 0 
means heating for such a period of time that, although 
heat is evenly spread to the photocatalyst coating com- 
position on the substrate, the temperature of the whole 
substrate does not yet reach the temperature of the 
coating on the surface of the substrate. Therefore, pref- 
erably, the rapid heating is carried out by intensively ap- 
plying heat only to the surface of the substrate. 
[0060] According to a preferred embodiment of the 
present invention, the rapid heating is carried out by 
heating the surface of the substrate to 100 to 800°C, 
more preferably to 150 to 600°C. Further, as described 
above, the heating time is such that the temperature of 
the whole substrate does not yet reach the above tem- 
perature. More specifically, the rapid heating time is 
preferably about 2 to 60 sec, more preferably 5 to 30 
sec. Rapidly heating the surface of the substrate to the 
above temperature can realize the production of a func- 
tional material having satisfactory photocatalytic activity 
with high efficiency. This is particularly because heating 
to the above temperature range results in the formation 
of non-crosslinked oxygen with high efficiency which is 
very advantageous from the viewpoint of the develop- 
ment of hydrophilicity. Further, since the whole substrate 
does not reach the high temperature, breaking or crack- 
ing due to heat shock during temperature rise can be 
effectively prevented. Further, at the time of cooling, 



similar phenomena can be effectively prevented. 
[0061] According to a preferred embodiment of the 
present invention, the heating temperature is kept con- 
stant during rapid heating. According to a preferred em- 

5 bodiment of the present invention, the temperature of 
the atmosphere in which the substrate is placed during 
rapid heating is preferably 100 to 1000°C. 
[0062] According to a preferred embodiment of the 
present invention, the rapid heating is carried out using 

io heating means of which the heating value per unit area 
is not less than 120 MJ/m 2 -hr, more preferably not less 
than 400 MJ/m^hr. 

[0063] The rapidly heated substrate is then cooled to 
provide a final functional material. According to a pre- 
15 ferred embodiment of the present invention, the cooling 
may be rapidly carried out. 

Apparatus for producing functional material 

20 [0064] According to the present invention, an appara- 
tus suitable for producing the functional material is pro- 
vided. 

[0065] Fig. 3 is an explanatory view of the apparatus 
for producing a functional material according to the 

25 present invention. In the apparatus shown in the draw- 
ing, the apparatus according to the present invention is 
provided continuously from an apparatus for producing 
a substrate. The apparatus for producing the so-called 
"earthenware" as the substrate comprises a forming de- 

30 vice 5, a grazing device 6, and a firing device 7. The 
apparatus according to the present invention comprises 
a device 8 for coating a photocatalyst coating composi- 
tion, a rapid heating device 9, and a cooling device 10. 
The apparatus for producing a substrate is provided so 

35 as to continue to the apparatus according to the present 
invention. Further, a carrying device 16 is provided so 
that the substrate can be continuously carried through 
within each device and between devices. Therefore, the 
apparatus for producing a substrate, comprising a sub- 

40 strate forming device 5, a grazing device 6, and a firing 
device 7 may be properly selected and may have other 
construction according to the substrate to which the 
process of the present invention is to be applied. The 
apparatus according to the present invention is not lim- 

45 ited to an apparatus comprising a coating device 8 for 
coating a photocatalyst coating composition, a rapid 
heating device 9, and a cooling device 1 0, and connotes 
an apparatus, as shown in Fig. 3, which can continuous- 
ly produce a functional material having photocatalytic 

so activity from the production of a substrate. That is, a con- 
struction, wherein an apparatus comprising a coating 
device 8 for coating a photocatalyst coating composi- 
tion, a rapid heating device 9, and a cooling device 10 
is disposed just behind (downstream of) the apparatus 

55 for producing a substrate, also falls within the scope of 
the present invention. 

[0066] A substrate is formed in the forming device 5 
shown in the drawing. The substrate is coated with a 
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grazie by means of the grazing device 6, and then fired 
in the firing device 7. The substrate, which has been 
fired in the firing device 7, has still high temperature. 
According to a preferred embodiment of the present in- 
vention, the photocatafyst coating composition is coated 
onto the substrate when the substrate is still in the state 
of a certain high temperature. 

[0067] The construction of the coating device 8 shown 
in the drawing may vary depending upon selected coat- 
ing methods. For example, when spray coating is se- 
lected, the coating device comprises a device for spray- 
ing a photocatafyst coating composition. 
[0068] Fig. 4 is a schematic diagram showing the 
structure of the rapid heating device 9 shown in Fig. 3. 
The rapid heating device 9 basically comprises a heat- 
ing element 21 , a heat-resistant material 22 provided so 
as to cover the heating element 21 and to form a heating 
space, carrying means 1 6 for holding a substrate 23, to 
be heated, within the heating space and carrying the 
substrate 23 in a direction indicated by an arrow A, a 
carry-in port 24 for carrying the substrate in the heating 
space, and a carry-out port 25 for carrying out the sub- 
strate from the heating space. 
[0069] The heating element 21 is not particularly lim- 
ited so far as it can rapidly heat the substrate. Heating 
elements usable herein include electrical heating ele- 
ments and heating elements which burn a gas or other 
fuel to generate heat. As described above, preferably, 
the rapid heating is carried out using heating means of 
which the heating value per unit area is not less than 
1 20 MJ/n^.hr, more preferably not less than 400 MJ/m 2 . 
hr. Therefore, preferably, the heating element can gen- 
erate the above heating value. The distance of the sur- 
face of the substrate from the heating element may be 
property determined so that a satisfactory heating value 
for rapid heating is applied to the substrate. The dis- 
tance would be generally about 5 to 300 mm. Therefore, 
preferably, the heating element is provided so that the 
distance between the heating element and the substrate 
is fixed or variable in the above range. 
[0070] As described above, preferably, the heating 
temperature is kept substantially constant during rapid 
heating. Therefore, preferably, the heating space of the 
rapid heating device is satisfactorily insulated by an in- 
sulating material 22 and undergoes no significant influ- 
ence of heat loss form the carry-in port 24 and the carry- 
out port 25. The carry-in port 24 and the carry-out port 
25 may be always in released state as shown in Fig. 4. 
Alternatively, the carry-in port 24 may be constructed so 
that the port 24 is usually closed while the port 24 is 
opened when the substrate is carried in the rapid heat- 
ing device. Likewise, the carry-out port 25 may be con- 
structed so that the port 25 is usually closed while the 
port 25 is opened when the substrate is carried out from 
the rapid heating device. The length of the region where 
the temperature for rapid heating is kept substantially 
constant may be property determined. The length would 
be generally 5 cm to 30 m. 



[0071] The construction of the carrying device 16 is 
not particularly limited so far as the device can hold the 
substrate within the heating space and carries through 
the heating space. The carrying device 16 is preferably 
5 a belt conveyor or a roller conveyor. According to a pre- 
ferred embodiment of the present invention, in order to 
attain good thermal conduction within the heating 
space, the carrying device 1 6 is constructed so that the 
heating space is not excessively thermally partitioned. 
10 For example, the carrying means is preferably a belt 
conveyor of a heat-resistant porous belt having a per- 
centage surface opening of not less than 20% or a roller 
conveyor of a group of heat-resistant rollers. Further, ac- 
cording to a preferred embodiment of the present inven- 
ts tion, the carrying means is a belt conveyor of a heat- 
resistant net having a mesh size up to 50 mm x 40 mm 
or a roller conveyor of a group of continuous heat-resist- 
ant rollers having a pitch of 1 to 300 mm. 
[0072] The surface of the rapidly heated substrate is 
20 cooled by the cooling device 1 0 to room temperature. In 
this device, the substrate is placed in an atmosphere of 
room temperature and the surface of it is cooled to room 
temperature. So far as the temperature of the surface 
of the substrate can be decreased to room temperature, 
25 this cooling device may be constructed so that the sub- 
strate simply comes into contact with air of room tem- 
perature to lower the temperature of the surface of the 
substrate. Alternatively the device may be constructed 
so that air of room temperature or air having a temper- 
so ature slightly above or below room temperature is forci- 
bly blown against the substrate to lower the temperature 
of the surface of the substrate. In this connection, It 
should be noted that rapid cooling has a fear of cracking 
or the like being created on the surface of the functional 
35 material. Therefore, preferably, the cooling is carried out 
at a highest possible rate with caution so as notto create 
cracking or other unfavorable phenomenon. 
[0073] Fig. 5 shows an apparatus provided with a pre- 
heating device for preheating the surface of the sub- 
40 strate before coating of the photocatafyst coating com- 
position. The preheating device can heat the surface of 
the substrate and raise the temperature of the surface 
of the substrate to a temperature high enough for evenly 
coating the photocatafyst coating composition. In the 
45 apparatus shown in Fig. 5, a preheating device 1 1 is pro- 
vided before the coating device 8. As described above, 
preferably, the surface of the substrate is heated by this 
preheating device to a temperature of 20 to 400°C. It is 
a matter of course that an apparatus, shown in Fig. 3, 
50 comprising a substrate molding device 5, a grazing de- 
vice 6, and a firing device 7 may be connected upstream 
of the preheating device 11 . In this connection, however, 
since the substrate heated in the firing device 7 still has 
high temperature, when the functional material having 
55 photocataiytic activity is produced continuously from the 
production of a substrate, the provision of this preheat- 
ing device is generally unnecessary. Therefore, the pre- 
heating device would be generally necessary when the 
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substrate has been separately produced and hence 
does not have satisfactory temperature. 
[0074] Further, in the apparatus shown in Fig. 5, a dry- 
ing device 12 for drying the substrate coated with the 
photocatalyst coating composition by means of the coat- 
ing device 8 is provided before the rapid heating device 
9. This drying device 12 comprises air blowing means 
or heating means to remove excess water or solvent 
component from the surface of the substrate. In the ap- 
paratus shown in Fig. 5, the rapid heating device 9 and 
the cooling device 1 0 may be identical respectively to 
those shown in Fig. 3. 

EXAMPLES 

Example 1 

(a) Preparation of photocatalyst coating composition 

[0075] At the outset, a titanium sol (tradename: STS- 
21 , manufactured by Ishihara Sangyo Kaisha Ltd.), a sil- 
ica sol (tradename: Snowtex S, manufactured by Nissan 
Chemical Industry Ltd.), and lithium silicate (tradename: 
Lithium Silicate 35, manufactured by The Nippon Chem- 
ical Industrial Co., Ltd.) were mixed together. A 1% 
aqueous silver nitrate solution in an amount of 1 part by 
weight based on 1 part by weight of titanium oxide and 
a 0.3% aqueous copper acetate solution in an amount 
of 2 parts by weight based on 1 part by weight of titanium 
oxide were added to the mixture, followed by irradiation 
with ultraviolet light (intensity of ultraviolet light about 1 
mW/cm 2 ) for 4 hr, during which time the solution was 
stirred so as to satisfactorily irradiate the solution with 
ultraviolet light. Thus, a mixed sol as a photocatalyst 
coating composition was prepared which was com- 
posed of: a titanium sol with silver and copper being sup- 
ported on a titanium oxide photocatalsyt; a silica sol; and 
a lithium silicate. The final concentration in the mixed 
sol was 0.2% by weight for the titanium sol (solid content 
0.1%), 0.3% by weight for the silica sol, and 0.4% by 
weight for lithium silicate. 

(b) Preparation of substrate 

[0076] In an apparatus shown in Fig. 3, a starting ma- 
terial for ceramic ware was pressed in a forming device 
5 to prepare a body. A glaze was coated onto the surface 
of the body in a glazing device 6. The coated body was 
passed through a roller hearth kiln as a firing device 7 
kept at a firing temperature of 1150°C over a period of 
40 min to perform firing. Thus, a tile was obtained. 

(c) Production of functional material 

[0077] In an apparatus shown in Fig. 3, when the tem- 
perature of the tile became 150°C at the outlet of the 
roller hearth kiln, the photocatalyst coating composition 
prepared above was spray coated by means of a coating 



device 8 onto the surface of the tile. The coverage of the 
photocatalyst coating composition was 15 g/m 2 . Since 
the temperature of the tile was as high as 1 50°C, excess 
water was instantaneously evaporated. As a result, only 

5 solid matter was evenly stacked on the surface of the 
tile to form an about 0.1 u. m-thick thin layer. 
[0078] The tile was then carried in a furnace as a rapid 
heating device provided continuously from the coating 
device 8. The furnace had heating elements densely ar- 
te rayed on the upper part of the interior thereof. The tem- 
perature of the atmosphere in the furnace was about 
800 to 1000°C, the heating value per unit area within 
the furnace was about 1600 MJ/m 2 -hr, and the heating 
area was 30 cm x 1 50 cm. The time of residence of the 

15 tile within the furnace was about 30 sec, and the time 
for which the tile had been placed under the heating el- 
ements was about 10 sec. The rapid heating permitted 
the thin layer formed on the surface of the tile to be com- 
pletely fixed onto the surface of the tile. 

20 [0079] The surface of the tile carried out from the fur- 
nace had a temperature increased to 300 to 350°C. 
Subsequently, the tile was introduced into a cooling de- 
vice where the tile was sprayed with cold air blown from 
above and below the tile. The tile was cooled to 

25 100-150°C during the period of time for which the tile 
was traveled by 3 m through the cooling device. 
[0080] The tile as a functional material thus obtained 
had photocatalytic activity and high decomposition ac- 
tivities, such as antimicrobial activity, antifouling activity, 

30 and deodorant activity, and further was hydrophilic. The 
thin layer formed on the surface of the tile was a strong 
layer which had a strength (hardness) of not less than 
4 in terms of Mohs hardness and possessed excellent 
abrasion resistance and chemical resistance. 

35 [0081] The heat of wetting of the thin layer by water 
was determined and found to be as high as 500 erg/cm 2 , 
suggesting that the thin layer had satisfactory hy- 
drophilicity. The heat of wetting is regarded as a meas- 
ure of wettability by a solvent, and higher heat of wetting 

40 means that the wettability by the solvent is high. 

Example 2 

(a) Preparation of photocatalyst coating composition 

45 

[0082] A photocatalyst coating composition was pre- 
pared in the same manner as in Example 1 , except that 
1 part by weight of a 3% aqueous copper acetate solu- 
tion was used instead of 1 part by weight of the 1 % aque- 
50 ous silver nitrate solution and 2 parts by weight of the 
0.3% aqueous copper acetate solution. 

(b) Preparation of substrate 

55 [0083] A large tile (0.9 m x 1 .8 m) was prepared in the 
same manner as in Example 1 . Specifically, a starting 
material for ceramic ware was extruded by means of a 
forming device 5 in the apparatus shown in Fig. 3 to pre- 
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pare a body. A glaze was coated onto the surface of the 
body by means of a glazing device 6. The coated body 
was passed through a roller hearth kiln as a firing device 
7 kept at a firing temperature of 1150°C over a period 
of 3 hr to perform sintering. Thus, a large tile was ob- 
tained. 

(c) Production of functional material 

[0084] In an apparatus shown in Fig. 3, when the tem- 
perature of the tile became 80 °C , the photocatalyst 
coating composition as used in Example 1 was spray 
coated onto the surface of the tile by means of a coating 
device 8. The coverage of the photocatalyst coating 
composition was 1 5 g/m 2 . Since the temperature of the 
tile was as high as 80°C, excess water was instantane- 
ously evaporated. As a result, only solid matter was 
evenly stacked on the surface of the tile to form an about 
0.1 ujn-thick thin layer. 

[0085] The tile was then carried in afumace as arapid 
heating device continuously provided from the coating 
device 8. The furnace had heating elements densely ar- 
rayed on the upper part of the interior thereof. The tem- 
perature of the atmosphere in the furnace was about 
800 to 1000°C, the heating value per unit area within 
the furnace was about 1600 MJ/m 2 hr, and the heating 
area was 1 .5 m x 28 m. The time of residence of the tile 
within the furnace was about 60 sec, and the time for 
which the tile had been placed under the heating ele- 
ments was about 50 sec. The rapid heating permitted 
the thin layer formed on the substrate to be completely 
fixed onto the surface of the tile. 
[0086] The surface of the tile carried out from the fur- 
nace had a temperature increased to 200 to 250°C. 
Subsequently, the tile was Introduced into a cooling de- 
vice where the tile was sprayed with water. In the cooling 
device, the tile was cooled to 1 00-1 50°C during the pe- 
riod of time for which the tile was traveled by 10 m 
through the cooling device. 

[0087] The tile as a functional material thus obtained 
had photocatalytic activity and high decomposition ac- 
tivities, such as antimicrobial activity, antifouling activity, 
and deodorant activity, and further was hydrophillc. The 
thin layer formed on the surface of the tile was a strong 
layer which had a strength (hardness) of not less than 
4 in terms of Mohs hardness and possessed excellent 
abrasion resistance and chemical resistance. 

Example 3 

(a) Preparation of photocatalyst coating composition 

[0088] A titanium alkoxide (titanium tetraisopropox- 
ide) and tetraethyl orthosilicate were diluted with isopro- 
pyl alcohol to prepare a photocatalyst coating composi- 
tion having a titanium alkoxide concentration of 5% by 
weight and a tetraethyl orthosilicate concentration of 1 % 
by weight. 



(b) Substrate 

[0089] A glass plate having a size of 1 m x 1 m was 
provided as a substrate. 

5 

(c) Production of functional material 

[0090] A functional material was produced using the 
same apparatus as shown in Fig. 5, except that, instead 
w of provision of a pair of the coating device 8 and the 
drying device 12, the coating device 8 and the drying 
device 1 2 were alternately provided in three pairs. At the 
outset, the glass plate was heated to a surface temper- 
ature of 40°C in a preheating device 11 kept at a tern- 
's perature of 40°C. The photocatalyst coating composi- 
tion was spray coated on the surface of the glass plate. 
The coverage was 5 g/m 2 . Since the temperature of the 
glass substrate is as low as 40°C, the water and the al- 
cohol are less likely to be evaporated, for this reason, 
20 after coating of the photocatalyst coating composition, 
the coating was dried at 1 00°C. The coating followed by 
drying was repeated three times. This permitted only 
solid matter to be evenly stacked on the surface of the 
glass plate to form an about 0.1 u, m-thick thin layer. 
25 [0091] Next, the glass plate with a thin layer formed 
thereon was carried in a furnace as a rapid heating de- 
vice 9 provided continuously from the last drying device 
1 2 . The furnace had heating elements densely arrayed 
on the upper part of the interior thereof . The temperature 
30 of the atmosphere in the furnace was about 550°C. The 
time of residence of the glass plate within the furnace 
was about 2 sec. The rapid heating permitted the thin 
layer formed on the glass substrate to be completely 
fixed onto the surface of the glass plate. 
35 [0092] The surface of the glass plate carried out from 
the furnace had a temperature increased to 250 to 
350°C. Subsequently, the glass plate with a thin layer 
fixed thereon was introduced into a cooling device 
where air was blown against the glass plate. In the cool- 
40 ing device, the glass plate was cooled to 50-1 50°C dur- 
ing the period of time for which the glass plate was 
traveled by 3 m through the cooling device. 
[0093] The functional material thus obtained had high 
surface smoothness, photocatalytic activity, high degre- 
es dation activity, and high hydrophilicity. 

[0094] The thin layer formed on the surface of the 
glass plate was a strong layer which had a strength 
(Mohs hardness) of not less than 4 and possessed ex- 
cellent abrasion resistance and chemical resistance. 

so 

Example 4 

(a) Preparation of photocatalyst coating composition 

55 [0095] The same photocatalyst coating composition 
as used in Example 1 was provided. 
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(b) Substrate 

[0096] An inorganic decorative plate having thereon 
an acrylated urethane coating and, further, a fluororesin 
coating was provided as a substrate. 

(c) Production of functional material 

[0097] A functional material was produced using an 
apparatus shown in Fig. 5. The surface of the substrate 
was heated to 60°C in the preheating device 1 1 set at a 
temperature of 60°C. The photocatalyst coating compo- 
sition was spray coated on the surface of the substrate. 
The coverage was 20 g/m 2 . 

[0098] The coated substrate was then carried in a rap- 
id heating device 9 provided continuously from the dry- 
ing device 12. The rapid heating device 9 was a roller 
hearth kiln (RHK) (the temperature of the atmosphere 
250°C). The substrate with a coating formed thereon 
was passed through RHK over a period of about 45 sec 
to perform rapid heating. The rapid heating permitted 
the photocatalyst coating composition to be completely 
fixed onto the surface of the inorganic decorative plate 
as the substrate. 

[0099] The functional material having photocatalytic 
activity thus obtained had high surface smoothness, de- 
composition activity and oil repellency. The thin layer 
formed on the substrate was a strong layer possessing 
excellent abrasion resistance and chemical resistance. 

Example 5 

(a) Preparation of photocatalyst coating composition 

[0100] At the outset, a titanium sol (STS-21), a silica 
sol (tradename: Snowtex O, manufactured by Nissan 
Chemical Industry Ltd.), lithium silicate (tradename: 
Lithium Silicate 35, manufactured by Nissan Chemical 
Industry Ltd.), and a surfactant (Kao Emulgen 707) were 
mixed together. A 1% aqueous silver nitrate solution in 
an amount of 1 part by weight based on 1 part by weight 
of titanium oxide and a 0.3% aqueous copper acetate 
solution in an amount of 2 parts by weight based on 1 
part by weight of titanium oxide were added to the mix- 
ture, followed by irradiation with ultraviolet light (inten- 
sity of ultraviolet light about 1 mW/cm 2 ) for 4 hr, during 
which time the solution was stirred so as to satisfactorily 
irradiate the solution with ultraviolet light. Thus, a mixed 
sol as a photocatalyst coating composition was pre- 
pared which was composed of: a titanium sol with silver 
and copper being supported on a titanium oxide photo- 
catalyst; a silica sol; lithium silicate; and a surfactant 
The final concentration in the mixed sol was 0.1% by 
weight for the titanium sol, 0.1 % by weight for the silica 
sol, 0.5% by weight for lithium silicate, and 0.001% by 
weight for the surfactant. 



(b) Substrate 

[0101] Western tableware was provided as a sub- 
strate. 

5 

(c) Production of functional material 

[0102] A functional material was produced using an 
apparatus shown in Fig. 5. At the outset, the tableware 

10 was heated to a surface temperature of 1 00°C in a pre- 
heating device 11 set at a temperature of 100°C. The 
photocatalyst coating composition was spray coated on 
the surface of the tableware. The coverage was 40 g/ 
m 2 . Since the temperature of the tableware was as high 

is as 1 00°C, water was instantaneously evaporated. As a 
result, only solid matter was evenly stacked on the sur- 
face of the tableware to form an about 0.4 nm-thick thin 
layer. 

[0103] The tableware with a thin layer formed thereon 

20 was then carried in a furnace as a rapid heating device 
9 continuously provided from the drying device 12. The 
furnace had heating elements densely arrayed on the 
upper part of the interior thereof. The temperature of the 
atmosphere in the furnace was about 800 to 1000°C, 

25 the heating value per unit area within the furnace was 
about 1 600 MJ/mZ-hr, and the heating area was 30 cm 
x 1 50 cm. The time of residence of the tableware within 
the furnace was about 1 0 sec. The rapid heating permit- 
ted the thin layer formed on the surface of the tableware 

30 to be completely fixed onto the surface of the tableware. 
[01 04] The surface of the tableware carried out from 
the furnace had a temperature increased to 250 to 
300°C. Subsequently, the tableware was introduced in- 
to a cooling device where the tableware was subjected 

35 to air blast cooling. The tableware was cooled to 
50-1 50°C during the period of time for which the table- 
ware was traveled by 3 m through the cooling device. 
[01 05] The tableware with a thin layer formed thereon 
thus obtained as afunctional material had photocatalytic 

40 activity and excellent antimicrobial activity. A salad oil 
was deposited on the functional material and then 
washed in water. As a result, the salad oil deposited on 
the surface thereof could be easily removed by washing 
in water alone. 

45 [01 06] The thin layer formed on the surface of the ta- 
bleware was a strong layer which had a strength (hard- 
ness) of not less than 4 in terms of Mohs hardness and 
possessed excellent abrasion resistance and chemical 
resistance. 

50 

Example 6 

[0107] A functional material was produced using an 
apparatus shown in Fig. 5. At the outset, a tile was heat- 
55 ed to a surface temperature of 100°C in a preheating 
device 11 set at a temperature of 100°C. A titanium 
chelate (0.05%) as a photocatalyst coating composition 
was then spray coated on the surface of the tile as the 
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substrate. Water was immediately evaporated, and solid 
matter was fixed onto the surface of the tile to form an 
about 0.2 urn-thick thin layer. 

[0108] The tile with a thin layer formed thereon was 
then carried in a furnace as a rapid heating device con- 5 
tinuously provided from the drying device 12. The fur- 
nace had heating elements densely arrayed on the up- 
per part of the interior thereof. The temperature of the 
atmosphere in the furnace was about 800 to 1000°C, 
the heating value per unit area within the furnace was 10 
about 1600 MJ/m 2 -hr, and the heating area was 30 cm 
x 150 cm. The time of residence of the tile within the 
furnace was about 10 sec. The rapid heating permitted 
the thin layer formed on the tile to be completely fixed 
onto the surface of the tile. 15 
[01 09] The surface of the tile carried out from the fur- 
nace had a temperature increased to 250 to 300°C. 
Subsequently, the tile was introduced into a cooling de- 
vice where the tile was subjected to air blast cooling. 
The tile was cooled to 50-1 50°C during the period of 20 
time for which the tile was traveled by 3 m through the 
cooling device. 

[0110] The tile with a thin layer formed thereon thus 
obtained as afunctional material had photocatalytic ac- 
tivity and excellent hydrophilicity and antimicrobial ac- 25 
tivity. 

[0111] The thin layer formed on the surface of the tile 
was a strong layer which had a strength (hardness) of 
not less than 4 in terms of Mohs hardness and pos- 
sessed excellent abrasion resistance and chemical re- 30 
sistance. 

Example 7 

[0112] A functional material was produced using an 35 
apparatus shown in Fig. 5. A tile was heated to a surface 
temperature of 100 to 300°C in a preheating device. A 
water-soluble coating liquid prepared by mixing a pre- 
determined amount of a titanium oxide sol, a predeter- 
mined amount of an alkali silicate, and a predetermined 40 
amount of an alumina sol together and adjusting the 
mixture to a T10 2 concentration of 0.2%, an Si0 2 con- 
centration of 0. 1 %, an LfeO concentration of 0.008%, an 
Na 2 0 concentration of 0.01 2%, a B2O3 concentration of 
0.0015%, and an Al 2 0 3 concentration of 0.005% was <s 
spray coated at a coverage of 2 to 3 u.g per cm 2 of the 
tile surface. Water was immediately evaporated, and 
solid matter was fixed onto the surface of the tile. Next, 
the tile with solid matter fixed thereon was fired in the 
rapid heating device 9 provided continuously from the so 
drying device 12 under conditions of in-fumace temper- 
ature about 850°C, heating value 1200 MJ/m 2 *hr, and 
heating area 0.6 m 2 In this case, the highest tempera- 
ture of the surface of the tile was 480°C. The time of 
residence of the tile within the furnace was about 1 5 sec. 55 
As a result, a thin layer was formed on the surface of 
the tile. The photocatalytic activity of the functional ma- 
terial sample thus obtained was determined as follows. 



A 1 % silver nitrate solution was coated onto the surface 
of the sample. The coated sample was allowed to stand 
under a BLB lamp for 5 min. The color difference (AE) 
was then measured and found to be about 18. Further, 
the sample was allowed to stand under a BLB lamp for 
24 nr. The contact angle of the sample with water was 
then measured and found to be about 5 degrees. 

Example 8 

[0113] A functional material was produced using an 
apparatus shown in Fig. 5. A tile was heated to a surface 
temperature of 200°C in a preheating device 11. An 
aqueous solution prepared by mixing a copper-doped 
titanium oxide sol and an alkali silicate together and ad- 
justing the mixture to a T10 2 concentration of 0.08%, a 
CuO concentration of 0.004%, an SiO z concentration of 
0.3%, an Li 2 0 concentration of 0.025%, an Na^ con- 
centration of 0.04%, and a B 2 0 3 concentration of 
0.005% was spray coated at a coverage of 2 to 3 u,g per 
cm2 of the substrate surface. Water was immediately 
evaporated, and solid matter was fixed onto the surface 
of the tile. Next, the tile with solid matter fixed thereon 
was fired in the rapid heating device 9 provided contin- 
uously from the drying device 1 2 under conditions of in- 
furnace temperature about 750°C, heating value 1200 
MJ/m2-hr, and heating area 0.6 m 2 . In this case, the 
highest temperature of the surface of the tile as the sub- 
strate during firing was 350°C. The time of residence of 
the tile within the furnace was about 1 0 sec. As a result, 
a thin layer was formed on the surface of the tile. The 
photocatalytic activity of the functional material sample 
thus obtained was determined as follows. A 1% silver 
nitrate solution was coated onto the surface of the sam- 
ple. The coated sample was allowed to stand under a 
BLB lamp for 5 min. The color difference (AE) was then 
measured and found to be about 1 8. Further, the surface 
of the sample had high antimicrobial activity. 



Claims 

1 . A process for producing a functional material having 
photocatalytic activity, comprising the steps of: 
coating a photocatalyst coating composition com- 
prising a photocatalytic metal oxide and/or a pre- 
cursor of the photocatalytic metal oxide onto the 
surface of a substrate; and 

rapidly heating the surface of the coated sub- 
strate to fix the photocatalytic metal oxide onto the 
surface of the substrate. 

2. The process according to claim 1 , wherein the rapid 
heating is carried out by heating the surface of the 
substrate to 100 to 800°C. 

3. The process according to claim 2, wherein the rapid 
heating is carried out by heating the surface of the 
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substrate to 150 to 600°C. 

4. The process according to any one of claims 1 to 3, 
wherein, during the rapid heating, the substrate is 
placed in an atmosphere of 100 to 1000°C. 

5. The process according to any one of claims 1 to 4, 
wherein the rapid heating is carried out for 2 to 60 

sec. 

6. The process according to any one of claims 1 to 5, 
wherein, during the rapid heating, the heating tem- 
perature is kept substantially constant. 

7. The process according to any one of claims 1 to 6, 
wherein the surface of the substrate is preheated 
before coating of the photocatalyst coating compo- 
sition. 

8. The process according to any one of claims 1 to 7, 
wherein the preheating is carried out by heating the 
surface of the substrate to 20 to 400°C. 

9. The process according to any one of claims 1 to 8, 
wherein the rapid heating is carried out by intensive- 
ly supplying heat energy only to the surface of the 
substrate. 

10. The process according to any one of claims I to 9, 
wherein the rapid heating is carried out by heating 
means of which the heating value per unit area is 
not less than 120 MJ/n^.hr. 

11 . The process according to any one of claims 1 to 1 0, 
wherein the substrate coated with the photocatalyst 
coating composition is dried before the rapid heat- 
ing. 

12. The process according to any one of claims 1 to 1 1 , 
wherein the surface of the rapidly heated substrate 
is then rapidly cooled. 

13. The process according to any one of claims 1 to 12, 
wherein the photocatalytic metal oxide is selected 
from the group consisting of T10 2 , ZnO, Sn0 2 , 
SrTi0 2 , W0 3 , BfeOa, Fe 2 0 3 , and V 2 0 5 . 

14. The process according to any one of claims 1 to 13, 
wherein the precursor of the photocatalytic metal 
oxide is a compound which contains at least one 
metal selected from the group consisting of titani- 
um, zinc, tin, strontium, tungsten, bismuth, iron, and 
vanadium and, upon the rapid heating, is converted 
to the photocatalytic metal oxide. 

15. The process according to any one of claims 1 to 14, 
wherein the photocataJyst coating composition fur- 
ther comprises a binder. 



16. The process according to claim 15, wherein the 
binder comprises: at least one member selected 
from the group consisting of inorganic oxide parti- 
cles, silicone resin film precursors capable of forrrv 

5 ing silicone resin films, and silica film precursors ca- 
pable of forming silica films; and a solvent. 

17. The process according to claim 15, wherein the 
binder comprises: 

10 

a member selected from the group consisting 
of silicon, aluminum, potassium, lithium, sodi- 
um, cesium, calcium, magnesium, titanium, 
phosphorus, boron, zirconium, rubidium, fran- 
is cium, yttrium, hafnium, lanthanides, and com- 

pounds of said elements; and 
an alkali silicate represented by formula 
Me 2 0-nSi0 2 wherein Me represents an alkali 
metal. 

20 

1 8. The process according to any one of claims 1 to 1 7, 
wherein an identical photocatalyst coating compo- 
sition is coated a plurality of times on the surface of 
the substrate to form a stacked or multi-layered 

25 coating, or alternatively, a plurality of different pho- 
tocatalyst coating compositions are provided fol- 
lowed by successive coating of the plurality of pho- 
tocatalytic coating compositions onto the surface of 
the substrate to form a stacked or multi-layered 

30 coating. 

19. The process according to any one of claims 1 to 1 8, 
which comprises the steps of: providing at least one 
coating composition comprising a binder and sub- 

35 stantially free from the photocatalytic metal oxide 
and the precursor of the photocatalytic metal oxide 
and a photocatalyst coating composition compris- 
ing the photocatalytic metal oxide and/or the pre- 
cursor of the photocatalytic metal oxide or a photo- 

40 catalyst coating composition comprising the photo- 
catalytic metal oxide and/or the precursor of the 
photocatalytic metal oxide and the binder; 

coating them onto the surface of the substrate 
45 to form a multi-layered coating; and 

then rapidly heating the assembly. 

20. The process according to any one of claims 1 to 1 9, 
wherein the photocatalyst coating composition fur- 

so ther comprises a metal and/or a metal oxide select- 
ed from silver, copper, zinc, metaJs of the platinum 
group, and oxides of said metals. 

21. The process according to claim 20, wherein the 
55 metal and the metal oxide are present, in a support- 
ed state, on the surface of the photocatalytic metaJ 
oxide. 
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22. The process according to claim 21, wherein the 
metal and the metal oxide have been supported on 
the surface of the photocatalytic metal oxide by pho- 
toreduction fixation using ultraviolet light irradiation. 

23. The process according to any one of claims 1 to 22, 
wherein the concentration of the photocatalytic met- 
al oxide and/or the precursor of the photocatalytic 
metal oxide in the photocatalyst coating composi- 
tion is 0.001 to 35% by weight on a solid basis. 

24. The process according to any one of claims 1 to 23, 
wherein the photocatalyst coating composition con- 
tains the binder in an amount of 0.001 to 100 parts 
by weight based on one part by weight of the pho- 
tocatalytic metal oxide and the precursor of the pho- 
tocatalyst metal oxide. 

25. The process according to any one of claims 1 to 24, 
wherein the photocatalyst coating composition con- 
tains the binder in an amount of 0.1 to 5 parts by 
weight based on one part by weight of the photo- 
catalytic metal oxide and the precursor of the pho- 
tocatalytic metal oxide. 

26. The process according to any one of claims 1 to 25, 
wherein the substrate is made of a metal, an inor- 
ganic material, an organic material, or a composite 
material thereof. 

27. The process according to any one of claims 1 to 26, 
wherein the functional material having photocata- 
lytic activity is an interior or exterior material. 

28. The process according to any one of claims 1 to 26, 
wherein the functional material having photocata- 
lytic activity is a tile, a sanitary ware, a table ware, 
a calcium silicate board, a building material, a ce- 
ramic substrate, a semiconductor material, an insu- 
lator, a glass, a mirror. 

29. An apparatus for producing a functional material 
having photocatalytic activity, said apparatus com- 
prising at least 

coating means for coating a photocatalyst coat- 
ing composition comprising a photocatalytic 
metal oxide and/or a precursor of the photocat- 
alytic metal oxide onto the surface of a sub- 
strate and 

heating means for rapidly heating the surface 
of the coated substrate to fix the photocatalytic 
metal oxide onto the surface of the substrate. 

30. The apparatus according to claim 29, which carries 
out the method according to any one of claims 1 to 
28. 



31 . The apparatus according to claim 30 or 31 , wherein 
the heating value per unit area of the rapid heating 
means is not less than 120 MJ/rr^.hr. 

5 32. The apparatus according to any one of claims 29 to 

31 , wherein the heating means can maintain the 
heating temperature at a substantially constant val- 
ue. 

10 33. The apparatus according to any one of claims 29 to 

32, wherein the rapid heating means maintains the 
heating temperature at a substantially constant val- 
ue over a zone length of 5 cm to 30 m. 

15 34. The apparatus according to any one of claims 29 to 

33, wherein the rapid heating means comprises at 
least a heating element, a heat-resistant material 
which covers the heating element while forming a 
given heating space, holding means for holding the 

20 substrate within the heating space, a carry-in port 
for carrying the substrate in the heating space, and 
a carry-out port for carrying out the substrate from 
the heating space. 

25 35. The apparatus according to any one of claims 29 to 

34, wherein the heating element is provided so that 
the distance between the heating element and the 
surface of the substrate is 5 to 300 mm with the dis- 
tance being fixed or variable. 

30 

36. The apparatus according to any one of claims 29 to 

35, which further comprises preheating means for 
preheating the surface of the substrate before coat- 
ing the photocatalyst coating composition. 

35 

37. The apparatus according to any one of claims 29 to 
35, which further comprises drying means for drying 
the substrate coated with the photocatalyst coating 
composition by the coating means. 

40 

38. The apparatus according to any one of claims 29 to 

37, which further comprises cooling means for rap- 
idly cooling the surface of the substrate heated by 
the heating means. 

45 

39. The apparatus according to any one of claims 29 to 

38, which comprises carrying means for continu- 
ously moving and carrying the substrate within the 
apparatus. 

50 

40. The apparatus according to any one of claims 29 to 

39, wherein the rapid heating means is disposed im- 
mediately downstream of the coating means. 

55 41 . The apparatus according to any one of claims 29 to 

40, which is disposed immediately downstream of 
an apparatus for producing the substrate. 
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42. The apparatus according to any one of claims 29 to 
41 , wherein the carrying means is a belt conveyor 
or a roller conveyor. 

43. The apparatus according to claim 42, wherein the 
carrying means is a belt conveyor of a heat-resist- 
ant belt having a percentage surface opening of not 
less than 20% or a roller conveyor of a group of roll- 
ers. 

44. The apparatus according to claim 42, wherein the 
belt conveyor comprises a heat-resistant net having 
a mesh size up to 50 mm x 50 mm. 

45. The apparatus according to claim 42, wherein the 
roller conveyor comprises continuous heat-resist- 
ant rollers having a pitch of 1 to 300 mm. 

46. A functional material having photocatalytic activity, 
produced by the method according to any one of 
claims 1 to 28 or the apparatus according to any 
one of claims 29 to 45. 

47. A photocatalyst coating composition consisting es- 
sentially of a photocatalytic metal oxide and/or a 
precursor of the photocatalytic metal oxide and an 
alkali silicate and/or a precursor of the alkali silicate. 

48. The photocatalyst coating composition according to 
claim 47, which further comprises a metal and/or a 
metal oxide. 

49. The photocatalyst coating composition according to 
claim 48, wherein the metal is in the form of particles 
of at least one member selected from the group con- 
sisting of copper, silver, platinum, cobalt, iron, nick- 
el, gold, zinc, chromium, manganese, and molyb- 
denum and the metal oxide is in the form of particles 
of at least one member selected from the group con- 
sisting of Cu 2 0 and Ag^O. 



strate; and a layer provided on the surface of the 
substrate, the layer consisting essentially of a pho- 
tocatalytic metal oxide and an alkali silicate. 

5 54. The hydrophilic functional material according to 
claim 53, wherein the layer further comprises a met- 
al and/or a metal oxide. 

55. The hydrophilic functional material according to 
10 claim 54, wherein the metal is in the form of particles 

of at least one member selected from the group con- 
sisting of copper, silver, platinum, cobalt, iron, nick- 
el, gold, zinc, chromium, manganese, and molyb- 
denum and the metal oxide is in the form of particles 
15 of at least one member selected from the group con- 
sisting of CugO and Ag 2 0. 

56. The hydrophilic functional material according to 
claim 54, wherein the metal oxide is an oxide of at 

20 least one metal selected from the group consisting 
of silicon, aluminum, potassium, lithium, sodium, 
cesium, rubidium, and francium. 

57. The hydrophilic functional material according to 
25 claim 54 or 55, wherein the metal and/or the metal 

oxide have been previously supported on the pho- 
tocatalytic metal. 

58. The hydrophilic functional material according to 
30 claim 57, wherein the metal and/or the metal oxide 

have been supported by photoreduction. 
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50. The photocatalyst coating composition according to 
claim 48, wherein the metal oxide is an oxide of at 
least one metal selected from the group consisting 

of silicon, aluminum, potassium, lithium, sodium, 45 
cesium, rubidium, and francium. 

51 . The photocatalyst coating composition according to 
claim 48 or 49, wherein the metal and/or the metal 
oxide are previously supported on the photocatalyt- 50 
ic metal oxide and/or the precursor of the photocat- 
alytic metal oxide. 

52. The photocatalyst coating composition according to 
claim 51 , wherein the metal and/or the metaJ oxide 55 
have been supported by photoreduction. 

53. A hydrophilic functional materia) comprising: a sub- 
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